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Mutual influence of posttraumatic stress disorder symptoms and
chronic pain among injured accident survivors: A longitudinal
study
Abstract
The relationship between acute stress disorder (ASD), posttraumatic stress disorder symptoms (PTSD),
and chronic pain was investigated in a longitudinal study of injured accident victims (N = 323, 64.7%
men). Assessments took place 5 days (T1), 6 (T2) months, and 12 (T3) months postaccident. Relations
between pain and posttraumatic stress symptoms were tested by structural equation modeling. Subjects
diagnosed with full or subsyndromal PTSD at T2 and at T3 (14 and 19%) reported significantly higher
pain intensity. Cross-lagged panel analysis yielded a mutual maintenance of pain intensity and ASD or
PTSD symptoms across T2. Across the second half year, PTSD symptoms impacted significantly on
pain but not vice versa. Clinicians need to pay careful attention to PTSD symptoms in accident survivors
suffering from chronic pain.
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Abstract: 
The relationship between acute stress disorder/ posttraumatic stress disorder 
symptoms (ASD/PTSD) and chronic pain was investigated in a longitudinal study of 
injured accident victims (N=323, 64.7% males). Assessments took place five days 
(T1), 6 (T2), and 12 (T3) months post accident. Relations between pain and 
posttraumatic stress symptoms were tested by structural equation modelling. 
Subjects diagnosed with full/subsyndromal PTSD at T2 and at T3 (14 and 19%) 
reported significantly higher pain intensity. Cross-lagged panel analysis yielded a 
mutual maintenance of pain intensity and ASD/PTSD symptoms across T2. Across 
the second half year PTSD symptoms impacted significantly on pain but not vice 
versa. Clinicians need to pay careful attention to PTSD symptoms in accident 
survivors suffering from chronic pain. 
 
Key words: Accident; posttraumatic stress disorder; pain; chronic pain; shared 
vulnerability; mutual maintenance. 
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INTRODUCTION 
 Symptoms of posttraumatic stress disorder (PTSD) and chronic pain are 
conditions that commonly co-occur (Geisser et al. 1996; Mayou et al. 2002; 
Blanchard et al. 2004; McLean et al. 2005; Coffey et al. 2006). For instance, 80% of 
combat veterans (Beckham et al. 1997) and up to 75% of individuals following a 
motor vehicle accident (Hickling et al. 1992; Mayou et al. 2002; Blanchard et al. 2004; 
Coffey et al. 2006) diagnosed with PTSD reported also chronic pain. Further, Geisser 
et al. (1996) found significantly higher self-reported pain in patients with high PTSD 
symptom load. Likewise, clinically relevant PTSD symptom severity was found in 
over 50% of patients with chronic pain conditions such as whiplash injury and 
fibromyalgia (Sherman et al. 2000; McLean et al. 2005). Further, recent research 
indicates that patients suffering from chronic pain with co-morbid PTSD symptoms 
experience more intense pain, affective distress (Geisser et al. 1996), and higher 
disability (Duckworth and Iezzi 2005; Palyo and Beck 2005) than those without PTSD 
symptoms. However, despite the well documented co-occurrence of the disorders the 
nature of the relation between the conditions and potential mechanisms by which 
they are linked are still poorly understood.  
Recently several theoretical models concerning the relation between PTSD 
symptoms and chronic pain have been proposed. According to Sharp and Harvey’s 
mutual maintenance model (Sharp and Harvey 2001), which is one of the most 
established models, there are specific pathways that work to maintain and 
exacerbate both conditions by different psychological mechanisms. These include 
factors such as anxiety sensitivity (i.e. fear of anxiety symptoms), pain avoidance, 
attentional and reasoning biases, depression, reminders of the trauma, anxiety and 
pain perception, and limited use of adaptive coping (e.g. catastrophizing). For 
example, previous research (Gil et al. 2005) has highlighted the role of reminders of 
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the trauma in triggering arousal and other PTSD symptoms. Chronic pain may feed 
into this process by serving as a persistent reminder of the traumatic event. 
Conversely, increased arousal may enhance the pain perception by changes in pain 
transduction pathways in the brain. Recent research has tested some of these 
mechanisms (Asmundson et al. 2002; Beck et al. 2003; Duckworth and Iezzi 2005; 
Palyo and Beck 2005; Poundja et al. 2006), suggesting that these factors indeed 
impact on the development of chronic pain on either a direct or indirect path (see 
(Sharp and Harvey 2001). However, most of the studies mentioned above used 
cross-sectional designs, thus limiting inferences on the nature of the relation (i.e. 
mutual influence, influence of pain on PTSD symptoms, or vice versa) between 
PTSD symptoms and chronic pain. Furthermore, as long as the postulated mutual 
maintenance of both conditions has not been proven in a methodologically sound 
longitudinal design, mediator analysis, as proposed by several studies, appears to be 
premature.  
This report used data from a longitudinal study of injured accident survivors to 
specifically test the mutual maintenance model by means of structural equation 
modelling (SEM, cross lagged panel analysis). In particular, we sought to 
demonstrate the relative merits of a model that proposes no influence of either PTSD 
symptomatology on pain or pain on PTSD symptomatology over time, versus those 
that propose a unidirectional influence of one on the other, versus a model that 
reflects mutual influences. In accordance with the existing literature we hypothesized 
that a model assuming mutual maintenance would describe the data most 
adequately. 
 
METHOD 
Procedure  
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The study was approved by the Institutional Review Board of the University of Zurich. 
During a 12-month recruitment period, all patients who were admitted to the trauma 
ward of University Hospital of Zurich due to an accident were considered for inclusion 
in the study. Inclusion criteria were a minimum of two nights’ hospitalization, age 
between 18 and 65 years, and fluency in German, Italian, Spanish, Portuguese, 
Serbo-Croatian, Turkish, or Albanian. Patients were excluded if they were physically 
unable to participate in an extensive interview within 30 days of the accident or if they 
suffered from severe traumatic brain injury (Glasgow Coma Scale score [GCS] below 
9, unconsciousness for more than 15 minutes, or pathological findings in a cranial 
computerized tomography [CT] scan), or had injuries due to attempted suicide.  
 
Study sample 
Seven hundred and eighty-seven patients within the required age range were 
reported to the interviewers. Of these, 253 patients did not fulfil the selection criteria, 
primarily due to early discharge (104; 41.1%), poor clinical condition (74; 29.2%), a 
GCS score < 9 (46; 18.2%), insufficient proficiency in one of the seven ‘study 
languages’ (21; 8.3%), and other reasons (29; 11.5%) (multiple reasons possible). 
The remaining 534 patients were eligible for the study. One hundred and forty eight 
were not approached due to limitations on the availability of interviewers. The 
contacted and non-contacted patients did not differ in gender (Pearson’s ² (1) =.79, 
n.s.) or age (t (481) =.31, n.s.). Of the 386 contacted patients, 335 decided to 
participate in the study, while 51 refused. Participating patients and refusers did not 
differ significantly in gender (Pearson’s ² (1) =.07, n.s.) and age (t (384) = -1.91, 
n.s.). Three hundred thirty-five patients were included in the first assessment. 
Limitation of the sample to accident survivors resulted in exclusion of 12 assault 
victims: whereas a homogenous sample of accident survivors would allow for clear 
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statements about psychic sequelae of accidents, inclusion of 12 assault victims 
would not have justified firm statements about the more general population of 
physically injured patients (Wittmann et al. 2007).  
The mean number of days between accident and initial assessment was 5.0 
days (range = 2-28 days, SD = 4.2). Follow-up assessments took place 6 (T2), and 
12 (T3) months after the accident. Of the 323 patients included in this study 255 
(78.9%) participated at the 6 months-follow up assessment and 253 (78.3%) returned 
the self-rating questionnaires by mail at 12 months-follow up. For descriptive data 
analysis (i.e. percentages) the number of participants with complete data was used, 
whereas for the main analyses (i.e. cross-lagged panel analysis) the total sample 
after applying missing imputation (N = 323) was used (see statistical analysis).  
 
Measures 
Main outcome variables 
As the focus of this analysis was on the relation between pain and traumatic stress, 
continuous measures of these variables are more appropriate than categorical 
diagnoses (Goldberg 2000). 
For the assessment of PTSD symptoms, the Clinician-Administered PTSD 
Sale [CAPS, validated German version (Blake et al. 1995; Schnyder and Moergeli 
2002)] was administered at T1 and T2, and the Davidson Trauma Scale (DTS) was 
used at T3. Some participants also completed the DTS at T2 and this was used to 
confirm the clinical utility of the DTS compared to the CAPS for this sample. ASD 
symptoms were assessed using a combination of items from the CAPS and the 
Peritraumatic Dissociative Experiences Questionnaire (PDEQ).  
The CAPS allows quantification of the frequency and intensity of each of the 17 
PTSD symptoms according to DSM-IV (American Psychiatric Association 1994). A 
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diagnosis of PTSD can also be made based on CAPS ratings. Instructions for the 
clinician and interview procedures were identical with the original English version. 
The interviews were conducted by two experienced medical doctors. T1 and T2 
assessments of a given patient were always carried out by the same interviewer. To 
check interrater reliability, the assessments of 20 patients were videotaped, and 
independently assessed by both assessors, obtaining a good interrater agreement 
for PTSD diagnosis (kappa =.61, p <.001), and excellent correlations between CAPS 
total (r =.93, p <.001), re-experiencing (r =.91, p <.001), avoidance (r =.95, p <.001), 
and hyper-arousal scores ( r =.82, p <.001). Internal consistency (Cronbach’s alpha) 
at T1 was α = .77 and at T2 α = .87.  
Since no validated assessment tool for ASD was available at the time of this study, 
ASD symptoms were assessed using a combination of items from the CAPS and the 
Peritraumatic Dissociative Experiences Questionnaire (PDEQ) (Fuglsang et al. 
2002). The PDEQ rater version (Marmar et al. 1997) is a 10-item interview for the 
assessment of peritraumatic dissociation. In this study we used the PDEQ items 1-2 
(numbing), 3-4 (derealization), 5-7 (depersonalization), and 8-10 (reduced 
awareness). If one item was positive, the ASD symptom was considered as given. 
The other 13 DSM-IV ASD symptoms were assessed by the CAPS: item 8 
(amnesia), items 1-5 (reexperiencing), items 6-7 (avoidance), and items 13-17 
(arousal). By this procedure an ASD score was obtained with a maximum range of 0-
17, which showed a satisfactory internal consistency (Cronbach's alpha = .68). If a 
patient only met criteria for three out of four ASD clusters (B, C, D, E), he or she was 
diagnosed with “subsyndromal ASD”. “Subsyndromal PTSD” was diagnosed if criteria 
for cluster B plus either C or D were fulfilled. 
At T3 the Davidson Trauma Scale (DTS) (Davidson et al. 1997) was used to asses 
PTSD symptoms. The DTS is a 17-item self-report measure that assesses the 17 
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DSM-IV symptoms of PTSD. Items are rated on 5-point frequency (0 = not at all to 4 
= every day) and severity scales (0 = not at all distressing to 4 = extremely 
distressing). A total score (ranging from 0 to 136) as well as scores for each of the 3 
PTSD symptom clusters (i.e., B, C, and D) can be calculated. Internal consistency 
(Cronbach’s alpha) was α = .95 at T3. In order to define a cut-off value for PTSD 
diagnoses (full and subsyndromal PTSD), 133 subjects completed the DTS already 
at T2. The correlation between CAPS and DTS score at T2 was r =.86 (p <.001). A 
cut-off value of 57 resulted in a sensitivity of 1.00 and a specificity of .98 as 
compared to PTSD diagnoses based on the CAPS at T2. For subsyndromal PTSD, a 
cut-off value of 35 resulted in a sensitivity of .72 and a specificity of .92.  
For the measurement of accident related pain intensity, a visual analogue 
scale (VAS) consisting of a 100 mm line anchored from 0 (no pain) to 100 (worst 
possible pain) was used. This frequently used instrument was found to reliably and 
validly measure pain (Scott and Huskisson 1976). At each assessment patients were 
asked to rate the average accident related pain they had experienced during the past 
week.  
 
Further measures 
To assess the immediate physical consequences of the accident, the Injury Severity 
Score (ISS) (Baker and Oneill 1976) and the Glasgow Coma Scale (Teasdale and 
Jennett 1974) were employed. The ISS is an anatomical scoring system that provides 
an overall score for patients with multiple injuries. The ISS score ranges from 0 to 75 
(= unsurvivable injury). The Glasgow Coma Scale provides a score ranging from 3-
15; patients with scores of 3-8 are usually said to be in a coma. Pre-accident mental 
disorders at T1 were retrospectively assessed using the Primary Care Evaluation of 
Mental Disorders (PRIME-MD) (Spitzer et al. 1994), a screening instrument for 
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recognition and diagnosis of the mental disorders most commonly seen in adults in 
primary care settings: mood, anxiety, alcohol abuse, eating, and somatoform 
disorders. This instrument proved to have good sensitivity and specificity as well as a 
high agreement with the independent assessments of mental health professionals 
(Spitzer et al. 1994). 
For all self-rating assessments we used back-translated and validated 
questionnaires. Interviews were conducted using translators. 
 
Statistical analysis 
Descriptive statistics and group comparisons were performed using SPSS 12.01. The 
assumption of a mutual maintenance between pain and PTSD was tested by means 
of structural equation modelling (cross-lagged panel analysis, LISREL 8.8). However, 
a good model fit does not imply the absence of better alternative solutions. Thus, 
beyond testing the model implied against the empirical covariance matrix, the mutual 
maintenance model was compared to nested alternative models. These models 
postulated the absence of mutual influences (model 1), influences of pain on PTSD 
(model 2) and of PTSD on pain (model 3) only, and mutual influences between both 
conditions (model 4). Assumptions of cross-lagged panel analysis include 
synchronicity and stationarity (Anderson and Kida 1982). Stationarity was tested by 
equalling the two pairs of consecutive synchronous correlations in the complete 
SEMs (model 4). As model fit parameters remained excellent, quasi stationarity 
within each of the two observation intervals was assumed. Model fit of the four 
solutions was evaluated based on the selection of fit parameters and cut-off criteria 
recommended by Schermelleh-Engel and collaborators (Schermelleh-Engel et al. 
2003 ). As descriptive measures of overall model fit, Schermelleh-Engel et al. 
recommended evaluating the Root Mean Square Error of Approximation (RMSEA; 0 
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≤ RMSEA ≤ .05 for good and .05 ≤ RMSEA ≤ .08 for acceptable fit) and the 
Standardized Root Mean Square Residual (SRMR; 0 ≤ SRMR ≤ .05 for good and .05 
≤ SRMR ≤ .10 for acceptable fit). As descriptive measures which compare the fit of 
the model of interest to the fit of some baseline model (e.g., the independence or null 
model), Schermelleh-Engel et al. (Schermelleh-Engel et al. 2003 ) proposed 
evaluating the Nonnormed Fit Index and the Comparative Fit Index (NNFI / CFI; .97 ≤ 
NNFI / CFI ≤ 1.0 for good and .95 ≤ NNFI / CFI ≤ .97 for acceptable fit). 
Overall, 16.2% of observations for the six variables included into the main 
analyses were missing (T1: 0.2%; T2: 21.7%; T3: 26.6%). As analysis of missingness 
by means of correlations according to Tsikriktsis (Tsikriktsis 2005) confirmed the 
assumption of data missing at random (MAR), multiple imputation was applied. 
Multiple imputation leads to less biased estimates as compared to other methods of 
handling missing data like listwise deletion or mean imputation (Rubin 1987). Six 
complete data sets were imputed by MCMC routine (PRAELIS). As multisample 
analysis indicated the absence of significant differences between the six imputed 
data sets, parameters and fit indices were combined and tested for significance as 
outlined by Rubin (Rubin 1987). Due to positive multivariate skewness and kurtosis, 
raw data did not meet assumptions of multivariate normality. Therefore, data were 
normalized according to Jöreskok and Sörbom (Jöreskog et al. 1999) and model 
tests applied maximum likelihood (ML) estimation which is rather robust against 
deviations from multivariate normality. 
 
RESULTS 
Participant characteristics 
Of 323 patients, 209 (64.7%) were males; mean age was 40.9 years (SD = 12.9). 
Further sociodemographic data and clinical characteristics are presented in Table 1. 
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40.6% of participants were admitted to the trauma ward due to accidents involving 
sports and leisure time accidents. Other types of traumatic events included motor 
vehicle accidents (30%), workplace (24.4%) and household injuries (5.0%). The 
mean Injury Severity Score (ISS) was 11.5 (SD = 9.8). Three patients (0.9%) had a 
GCS score between nine and eleven, 22 patients (6.8%) had a GCS score of 13 or 
14, the remainder had the maximum GCS score of 15. 
 
Table 1 
 
Posttraumatic morbidity and pain 
As reported elsewhere (Schnyder et al. 2008), rates of full/subsyndromal ASD at T1 
and PTSD at T2 were 3.9% (n = 10)/9.8% (n = 25) and 3.1% (n = 8)/7.8% (n = 20), 
respectively. At 12 months post accident 5.6% (n = 13) of the patients scored above 
the DTS cut-off for full PTSD. In addition, 6.9% (n = 18) scored above the DTS cut-off 
for subsyndromal PTSD. The mean ASD, CAPS and VAS pain scores at the different 
time points as well as ASD/PTSD rates are presented in Table 2.  
According to the recommended cut-off points for pain severity (Serlin et al. 1995; 
Jensen et al. 2003), VAS pain ratings between 0 to 4mm were considered as no 
pain, 5 to 44mm as mild, 45-74mm as moderate, and 75-100mm as severe pain. At 
T1, 16.1% of the subjects reported no pain on the VAS, 46% reported mild, 34.5% 
moderate and 3.4% severe pain. At T2, 43.5% had no pain at all, 29.4% mild, 20% 
moderate, and 7.1% severe pain. At T3, 32.8% reported no pain, 29.2% mild, 31.6% 
moderate, and 6.4% severe pain. At T2, 16.5% (n = 42) and at T3, 19.1% (n = 48) of 
the patients received analgesic medication. Pain intensity was significantly higher in 
subjects diagnosed with full or subsyndromal PTSD than in patients without PTSD at 
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T2 (t (253) = -6.22, p <.001) and T3 (t (230) = -7.32, p <.001). At T2 six patients 
(2.4%), and at T3 ten patients (4.6%) received psychotherapy. 
 
Table 2 
 
Relation between PTSD and pain: cross-lagged panel analyses 
 
Model 1: No influence of pain on PTSD and vice versa 
Model 1 (Fig. 1) shows a high temporal stability of traumatic stress reactions over the 
course of one year, especially between T2 and T3. Contrarily, reports of pain 
between T1 and T2 showed substantial variability. In the second part of the year, 
however, also pain reached a substantial stability. Cross-sectional path coefficients 
indicated a relation between both measures decreasing from moderate at T1 to weak 
at T3. All coefficients depicted in Fig. 1 were statistically significant. However, model 
parameters indicated a fundamental misfit between empirical and model implied 
covariance matrix. 
 
Figure 1 
 
Model 2: Influence of pain intensity at T1 and T2 on PTSD at T2 and T3  
In extension of model 1, model 2 allows prospective effects of pain intensity on PTSD 
symptoms. Pain intensity showed a significant impact on PTSD symptoms across the 
first 6 months, but not across the second half year post accident. Although 
significantly better than model 1 (Chi2diff =30.14, dfdiff =2, p <.001), parameters 
indicated a fundamental misfit between empirical and model implied covariance 
matrix for model 2, too. 
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 Figure 2 
 
Model 3: Influence of PTSD symptoms at T1 and T2 on pain intensity at T2 and T3  
In model 3, in contrast to model 2, influences of PTSD onto pain were permitted. All 
path coefficients depicted in Fig. 3 were statistically significant. Some parameters 
(SRMR, NNFI, CFI) suggested an acceptable fit, whereas others (Chi2, RMSEA) 
showed an insufficient model fit. Model 3 produced a significantly better fit than 
model 1 (Chi2diff = 65.99, dfdiff =2, p <.001). Due to identical degrees of freedom (df) a 
direct comparison with model 2 was not possible. However, a Chi2diff of 35.9 indicated 
that model 3 would result in a significantly better model fit (with p <.001) up to df = 
13. 
 
Figure 3 
 
Model 4: Mutual influence of pain intensity on PTSD symptoms and vice versa 
In model 4 all paths depicted in models 1-3 were allowed. With the exception of the 
path from pain (T2) to PTSD (T3), all path coefficients were statistically significant. 
Model 4 produced an excellent fit to the data and was significantly better than model 
1 (Chi2dif f=85.82, dfdiff =4, p <.001), model 2 (Chi2 diff =55.71, dfdiff=2, p <.001), and 
model 3 (Chi2diff =19.83, dfdiff =2, p <.001). 
 
Figure 4 
DISCUSSION 
To our knowledge, this is the first study that investigated the relation between 
the development of PTSD symptoms and pain over time in a large sample of injured 
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accident survivors. Employing cross-lagged panel analysis to determine the 
association between pain and PTSD symptoms, the model allowing mutual 
influences showed the best fit, revealing a mutual impact of pain and ASD/PTSD 
symptoms within the first 6 months. At the 12 months follow-up, however, pain 
intensity was significantly influenced by PTSD symptoms at T2, whereas PTSD 
symptoms were no longer influenced by pain intensity at T2. Our results, therefore, 
confirm Sharp and Harvey’s mutual maintenance model in the early aftermath of the 
accident only. Later on, i.e. 6 to 12 months post accident, our findings demonstrated 
a clear direction of the relationship between PTSD symptoms and pain perception in 
that higher PTSD symptom levels were associated with increased pain intensity.  
These findings underscore the importance of carefully screening for PTSD 
symptoms among accident survivors presenting with persistent pain. The current 
findings are consistent with previous studies on the comorbidity of PTSD 
(Asmundson et al. 2002; Coffey et al. 2006; Wynne-Jones et al. 2006; Sareen et al. 
2007; Schur et al. 2007), supporting the hypothesis that PTSD is associated with 
physical health problems, particularly chronic pain. This association also depends on 
the intensity of pain or injury during the initial trauma, however, the psychological 
outcome is often considerably worse than would be expected from the nature of the 
physical injuries (Mayou and Bryant 2001).  
One of the strengths of the present study is the prospective assessment of 
both PTSD symptoms and pain intensity, which allows one to disentangle the 
temporal and causal association between PTSD and pain. Further, this study 
included a large and homogenous sample of injured, hospitalized accident survivors. 
However, in interpreting our findings, it is important to keep several limitations of this 
study in mind. First, ASD and PTSD diagnostics relied on clinician administered 
interviews at T1 and T2 only, while at T3 PTSD symptoms were assessed using self-
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rating instruments. This may limit comparability between the follow-ups. However, the 
high correlation between both instruments at T2 and the high temporal stability of 
ASD/PTSD-diagnoses over 12 months indicated reliable assessment of traumatic 
stress at all three measurement time points. Secondly, the prevalence of PTSD as 
well as the PTSD severity (means of CAPS and DTS scores) was relatively low in our 
sample compared to other studies. This might limit the comparability and 
generalizability of our results with studies including subjects from different settings, 
especially like pain-management service and psychotrauma wards. Possible reasons 
for this finding have been published elsewhere (Schnyder et al. 2008) and it might be 
that intercultural differences play a more important role in the development of PTSD 
than was previously assumed. Probably the baseline sample size might have needed 
to be higher to achieve higher numbers of PTSD cases. However, the aim of this 
study was to examine the relationship between PTSD symptoms and pain rather than 
between both diagnostic categories. Third, the application of three different measures 
for the assessment of ASD and PTSD (T1, T2 and T3, respectively), violates 
assumptions of crossed lag panel analysis such as stationarity. Therefore, causal 
interpretations of our results should be considered with caution. Fourth, we did not 
use more sophisticated instruments for the assessment of pain so that we cannot 
provide further information on, for example, pain localization, pain coping or 
behaviour, which are important factors in a multidimensional concept of pain. Further, 
there might be a recall bias in reporting accident related pain or participants might 
have mixed different kinds of pain. Due to the high comorbidity of PTSD and 
depression the association between pain and PTSD symptoms might also be 
influenced by depression. The lack of association between pain at T2 and PTSD 
symptom severity at T3 (Figure 4) might be explained by pain or PTSD treatment, 
because treatment could cause a restriction in variability. However, since the 
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percentages of treatment for pain and PTSD are almost stable over time (42 (16.5%) 
and 48 (19.1%) patients received analgesic medication and six patients (2.4%) and 
ten patients (4.6%) received psychotherapy at T2 and T3, respectively) this 
consideration is valid for the association between PTSD symptom severity at T2 and 
pain at T3 too. It can be assumed therefore that pain or PTSD treatment do not 
explain the missing mutual maintenance between T2 and T3. However, as mentioned 
above, the relevance of these findings might be limited by the low PTSD severity in 
our sample. Finally, as our cross-lagged panel analysis was based on observed 
rather than latent variables for symptoms of posttraumatic stress and pain, 
calculation of latent traits (second order latent variables) was not possible, which 
might have resulted in a reduction of explainable variance within the models in their 
present form. 
Recently, several mechanisms to explain the association between PTSD and 
pain have been posited in the literature. First, the trauma related injury may lead to 
both PTSD and persistent pain. Both conditions have been hypothesized to mutually 
maintain each other by sharing a number of psychological factors such as 
hyperarousal, avoidance, attentional bias or cognitive overload (Sharp and Harvey 
2001; Sharp 2004). Our findings suggest that mutual maintenance may play an 
important role in the early aftermath of trauma only and is in line with a recent study, 
which found peritraumatic pain, but not persistent pain, as a risk factor for later PTSD 
(Norman et al. 2008). Second, there may be a pre-existing vulnerability factor such 
as anxiety sensitivity, increasing the likelihood of the development of both disorders 
(Asmundson et al. 2002; Asmundson et al. 2004). Anxiety sensitivity, i.e. the fear of 
anxiety-related bodily sensations, is a risk factor for panic disorders and appears to 
have a heritable component (Stein et al. 1999). However, a twin study on the co-
occurrence of PTSD and chronic pain (Arguelles et al. 2006) found no difference 
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among dizygotic and monozygotic twins, suggesting that the association is not 
explained by a familial or genetic vulnerability to both conditions. Third, trauma may 
induce changes in biological substrates that alter both arousal mechanisms and pain 
transduction pathways in the brain (Geuze et al. 2007; Liberzon et al. 2007). Our 
finding of a one-way relation between PTSD symptoms and the development and 
maintenance of chronic pain in the later aftermath of the trauma is consistent with the 
hypothesis that the trauma induces changes in biological substrates that alter pain 
transduction pathways and pain processing mechanisms in the brain.  
In conclusion, the data reported herein converge with the results of previous 
studies investigating the co-occurrence of PTSD symptoms and persistent pain. The 
present results extend previous findings by demonstrating a mutual maintenance of 
PTSD symptoms and persistent pain in the early aftermath of the accident, and a 
significant impact of PTSD symptomatology on pain intensity, but not vice versa, in 
the longer term. Further research is needed to investigate possible factors mediating 
the relationship between PTSD symptoms and pain. Additionally, further research 
directed to determine structural and functional brain abnormalities of pain processing 
in patients with PTSD and persistent pain to elucidate the mechanisms of disturbed 
pain processing in these patients is warranted. As PTSD symptoms appear to play a 
causal role in the development and/or maintenance of persistent pain in accident 
survivors clinicians need to pay careful attention to PTSD symptoms in chronic pain 
patients to improve treatment outcomes. Further, because of the mutual maintenance 
of PTSD symptoms and pain in the early aftermath of the accident, sufficient pain 
management appears to be important to improve both pain and PTSD symptoms.  
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Figures: headlines and legends 
 
FIGURE 1. Model 1: No influences of pain intensity on PTSD symptoms at T2 and T3, 
and vice versa 
 
ASD=Acute Stress Disorder; PTSD=Posttraumatic Stress Disorder; RMSEA= Root Mean 
Square Error of Approximation; SRMR=Standardized Root Mean Square Residual; 
NNFI=Non-normed Fit Index; CFI= Comparative Fit Index. All paths are standardized 
coefficients.  
 
 
FIGURE 2. Model 2: Influences of pain intensity at T1 and T2 on PTSD symptoms at 
T2 and T3 
 
ASD=Acute Stress Disorder; PTSD=Posttraumatic Stress Disorder; RMSEA= Root Mean Square Error of 
Approximation; SRMR=Standardized Root Mean Square Residual; NNFI=Non-normed Fit Index; CFI= 
Comparative Fit Index. All paths are standardized coefficients. 
 
 
FIGURE 3. Model 3: Influences of PTSD symptoms at T1 and T2 on pain intensity at 
T2 and T3 
 
ASD=Acute Stress Disorder; PTSD=Posttraumatic Stress Disorder; RMSEA= Root Mean Square Error of 
Approximation; SRMR=Standardized Root Mean Square Residual; NNFI=Non-normed Fit Index; CFI= 
Comparative Fit Index. All paths are standardized coefficients. 
 
 
FIGURE 4. Model 4: Mutual influences between and PTSD symptoms and pain intensity 
at T2 and T3 
 
ASD=Acute Stress Disorder; PTSD=Posttraumatic Stress Disorder; RMSEA= Root Mean Square Error of 
Approximation; SRMR=Standardized Root Mean Square Residual; NNFI=Non-normed Fit Index; CFI= 
Comparative Fit Index; Ns=non significant. All paths are standardized coefficients. 
 
Table 1. Sociodemographic and clinical characteristics of injured accident 
survivors: total sample N=323 
Variable N % 
Marital status:  
Single 
Married 
Divorced 
Widowed 
 
149 
126 
45 
2 
 
(46.3%) 
(39.1%) 
(14.0%) 
(0.6%) 
Living arrangements:  
Alone 
With others (family, partner, friends) 
 
237 
85 
 
(73.6%) 
(26.4%) 
Education 
No 
Obligatory school 
Apprenticeship 
College 
Technical or commercial college/ university 
 
4 
59 
171 
22 
67 
 
(1.2%) 
(18.3%) 
(52.9%) 
(6.8%) 
(20.7%) 
Employment status 
Paid work (full time)  
Paid work (part time)  
Student 
Other (homemaker, unemployed, retired) 
 
199 
51 
29 
44 
 
(61.6%) 
(15.8%) 
(9.0%) 
(13.6%) 
Type of work of students, full- or part-time workers 
Predominantly blue-collar workers 
Predominantly white-collar workers 
 
191 
114 
 
 (62.6%) 
(37.4%) 
Nationality 
Switzerland 
Germany, Austria 
Southern Europe 
Balkan 
Other 
 
236 
25 
3 
20 
9 
 
 (73.1%) 
(7.7%) 
(10.2%) 
(6.2%) 
(2.8%) 
Pre-existing mental disorders (PRIME-MD)  
No mental disorder 
One or more than one disorder 
    Affective disorders 
    Anxiety disorders 
    Alcohol dependence 
    Somatoform disorders 
 
 
258 
65 
28 
20 
25 
22 
 
 
(79.9%) 
 (20.1%) 
(8.7%) 
(6.2%) 
(7.7%) 
(6.8%) 
 
 
 
Table 2. Pain intensity (VAS), PTSD-symptom scores (CAPS, DTS), ASD/PTSD cases, and pain 
severity shortly after the trauma, at 6 and at 12 months 
  Continuous pain and PTSD 
measures [mean (SD)] 
ASD/PTSD cases: 
full/subsyndromal 
Subjects with 
moderate/severe 
painc 
Time point N VAS CAPS DTS N (%) N (%) 
5 days 
(mean) 
post trauma 
323 34.3 (22.5) 13.4 (13.6)a -  10 (3.9)/25 (9.8) 104 (34.5)/9 (3.4) 
6 months 255* 24.9 (27.4) 13.8 (17.0)b -   8 (3.1)/20 (7.8) 50 (20.0)/18 (7.1) 
12 months 250* 30.6 (28.0) - 16.6 (24.5)  13 (5.6)/18 (6.9) 79 (31.6)/16 (6.4) 
*all patients included at T1 were asked to participate at T2 and T3 
a ASD symptom score consisting of CAPS and PDEQ items 
b PTSD symptoms according to CAPS 
c pain severity: patients with moderate (VAS=45 to 74mm) and sever pain (VAS=75 to 100mm) 
VAS=Visual Analogue Scale; PTSD=Posttraumatic Stress Disorder; CAPS= Clinician-Administered PTSD Scale; 
DTS= Davidson Trauma Scale; PDEQ=Peritraumatic Dissociative Experiences Questionnaire. 
 
 
 
Figures 
 
Figure 1. Model 1: No influences of pain intensity on PTSD symptoms at T2 
and T3, and vice versa 
ASD (T1) PTSD (T3)PTSD (T2)
Pain (T3)Pain (T2)Pain (T1)
.32 .17.28
.52.24
.76.52
χ=91.46, p<.001, df=8, n=323, RMSEA=.18, SRMR=.17, NNFI=.84, CFI=.91
.42.731.0
1.0 .94 .72
 
ASD=Acute Stress Disorder; PTSD=Posttraumatic Stress Disorder; RMSEA= Root Mean 
Square Error of Approximation; SRMR=Standardized Root Mean Square Residual; 
NNFI=Non-normed Fit Index; CFI= Comparative Fit Index. 
 
 
Figure 2. Model 2: Influences of pain intensity at T1 and T2 on PTSD 
symptoms at T2 and T3 
ASD (T1) PTSD (T3)PTSD (T2)
Pain (T3)Pain (T2)Pain (T1)
.32 .17.27
.54.32
.75.44
ns
.24
χ =61.32, p<.001, df=6, n=323, RMSEA=.17, SRMR=.13, NNFI=.85, CFI=.94
1.0
1.0
.68 .42
.90 .71
 
ASD=Acute Stress Disorder; PTSD=Posttraumatic Stress Disorder; RMSEA= Root Mean 
Square Error of Approximation; SRMR=Standardized Root Mean Square Residual; NNFI=Non-
normed Fit Index; CFI= Comparative Fit Index. 
 
 
 
Figure 3. Model 3: Influences of PTSD symptoms at T1 and T2 on pain 
intensity at T2 and T3 
ASD (T1) PTSD (T3)PTSD (T2)
Pain (T3)Pain (T2)Pain (T1)
.32 .14.26
.38.15
.79.57
.32.30
χ=25.47, p<.001, df=6, n=323, RMSEA=.10, SRMR=.07, NNFI=.95, CFI=.98
1.0 .67 .37
1.0 .86 .64
 
 
 
Figure 4. Model 4: Mutual influences between and PTSD symptoms and 
pain intensity at T2 and T3 
ASD (T1) PTSD (T3)PTSD (T2)
Pain (T3)Pain (T2)Pain (T1)
.32 .14.24
.38.23
.80.51
.32.27
χ=5.64, p=.32, df=4, n=323, RMSEA=.03, SRMR=.02, NNFI=.99, CFI=1.00
1.0 .63 .37
1.0 .83 .63
.21
ns
 
